. A glycoprotein which binds to nucleic acids has now been purified from Ustilaqo roaydi s until free from detectable deoxyribonuclease activity. It binds to a variety of substrates and in doing so, makes them soluble in dilute trlchloroacetlc acid. Physical studies suggest that it forms a variety of aggregates under low ionic strength, but at high ionic strength the monomer consists of a single polypeptide chain. Preliminary experiments have detected this novel binding activity In bacterial, fungal and mammalian cells.
INTRODUCTION
Proteins which make high molecular weight DNA soluble in dilute trichorcvacetic acid are usually classified as deoxyribonucleases. They catalyse the hydrolysis of the phosphodlester backbone of DNA to yield mono and oligonucleotldes, which must be no longer than about 16 nucleotldes to be acid soluble . In 1975 however, Hoi 1 Oman described a glycoprotein from the basidiomycete fungus Ustilaqo maydi s which made DNA acid soluble without extensive DNA hydrolysis . Endonucleolytic nicking of DNA was detected, but less than that required to make it short enough to be acid soluble and it was suggested that the glycoprotein was able to bind to DNA, the resulting complex being acid soluble. In the work described in this paper, we characterise the glycoprotein further when it is free from all detectable nuclease activity and also present preliminary evidence that a similar activity may be present In bacterial, yeast and mammalian cells.
MATERIALS AND METHODS

Materials
The nitrocellulose filter binding assay mixture contained the standard assay components.
After incubation, tubes were placed in ice for 5 niin, I ml of 25 mM Tris-HCI pH 7.5. ImM EDTA (Tris-EDTA) added and the solution filtered at about 2 ml/min through a nitrocellulose filter which had been previously boiled for 20 min in Tris-EDTA. The tube and filter were washed with a total of k ml Tris-EDTA, the filter dried and radioactivity retained determined in a toluene-based scintillant.
Increased retention was not observed if the filter was washed with less buffer, but if the volume was increased above 6 ml, radioactivity was lost from it.
In the absence of the glycoprotein, less than 1% of the input DNA was retained.
The rate of degradation by pancreatic DNase 1 of DNA bound to the g 1 ycoproteln was determined as follows.
Increased amounts of glycoprotein were preincubated at 37°C for 5 min with k.S nmoles native P22 [ H] DNA in 1OOmM sodium acetate pH 6.0 in a total volume of 0.15 ml.
ug DNase 1 and
MgCl. to 7mM were added and incubation continued for 15 min. The tubes were placed in ice and 15 pi of 10% sodium deoxycholate (to dissociate the acid soluble DNA-glycoprotein complex), 10 ul of 2 mg/ml carrier DNA and 0.3 ml of cold 10% trichloroacetic acid added sequentially to each. The detergent precipitated on addition of the acid but it had no effect on control assays.
Acid soluble radioactivity was determined as above. Experiments with ^J.
ma yd is DNase 1 were similar except that incubation was in 100 mM Tris-HCI pH 7.5, lOmM Mgd2, with heat denatured P22 [ H] DNA as the substrate. DNA polymerases (U. ma yd Is and E. coli 1) were assayed in reaction mixtures as described previously . In this case however, complex dissociation before acid precipitation was effected by addition of 5M salt to a final concentration of
1M.
The template-primers used are indicated in the figure legends.
Sucrose Gradient Sedimentation
Fractions were dialysed against 100 mM Tris-HCI pH 7.5, ImM EDTA, 5% glycerol and 0.2ml layered onto a preformed 5-20% sucrose gradient in dialysis buffer, or 0.05ml of 5M NaCl added to the aliquot, which was layered onto a similar gradient containing 1M NaCl . Cent ri fugat ion was at 'tSOOO rev/min at *+ C for 6 or 15 hours in the SW56 rotor of a Beckman L2 65B centrifuge.
Fractions were collected through a needle inserted into the base of the polyallomer tube and were assayed by the standard procedure. Sedimentation coefficients were determined by the method of Martin and Ames , using the marker proteins indicated in the text.
Pol yacry latnide Gel El ectrophoresi s
The procedure was similar to that described by Laemml DEAE-Cellulose Elutlon. Fraction 11 was loaded onto a column of DEAE-cellulose (15cm x 7cm ) equilibrated with buffer A. After washing with 200 ml of this buffer, the activity was eluted from the column with buffer A containing 0.2H NaCl . Active fractions were combined to give fraction 111.
Aqarose Gel Filtration. To fraction 111 (100 ml) was added 37g ammonium sulphate and the resulting precipitate dissolved In 10 ml of buffer A containing 50 mM NaCl. The solution was run onto a column of Bio-Gel A-5m agarose equilibrated with this buffer, which was then used to elute the column at 10 ml/hr. Two peaks of activity were resolved, one appearing at the exclusion volume of the column, the other at the 50,000-80,000 Dalton molecular weight region. The peak fractions of the former were dialysed against 2L of buffer B (50mM Tris-HCI pH 7.5, 50% glycerol) to give fraction IV A (16 ml), and those of the latter against 5L 50mM sodium acetate pH 5.5, 10%glycerol, a precipitate appearing during dialysis being removed by centrifugation to give fraction IV B (62 ml).
Affinity Chromatography of Fraction IVA. Fraction IVA was routinely stored at -20 C with less than 10% loss of activity over 6 months and purified further in small aliquots. I ml was mixed with 0.^5 ml of 1 OOmM KPO, pH 7.0, 5M NaCl, 10% glycerol and loaded at 2 ml/hr onto a column of Concanavalin A-Sepharose (6 cm x 0.65 cm 2 ) equilibrated with 100 mM KPO, pH 7.0, 1.5M NaCl, 10% glycerol. The column flow was stopped for 30 min and continued with 25 ml of equilibration buffer at 6 ml/hr, followed by 15 ml of equili- 
RESULTS
Four fractions which made DNA acid soluble were detected during the purification procedure (Table 1) . Two were separated by agarose gel chromatography on the basis of apparent molecular weight differences and it is possible that self-aggregation under low ionic strength accounts for this separation (see below). Each of these fractions was resolved into two more by affinity chroma tography, one pair (fractions VB and VI IB) binding to the Concanavalin A, in contrast to the other pair (VA and VIIA). These binding properties were unchanged when chroma tographed on a second affinity column (results not shown). The standard assay measures the acid solubility of DNA when it is complexed with the glycoprotein and thereby mimics the usual assay for a deoxyribonuclease. However, in addition to the lack of hydrolysis of phosphodiester linkages in DNA, the two activities can be also differentiated by their kinetics and temperature coefficients. Thus the glycoprotein reaction is complete in less than 30 sec at either k or 37 C, and when the complex was dissociated In 1M NaCl or 1% deoxycholate before acid addition, the DNA again became completely acid insoluble, In contrast to deoxyribonuclease reaction products. This observation was used to study the activities of nucleases and DNA polymerases on the glycoprotein-DNA complex described below. The glycoprotein was itself soluble In acid which may account for the solubility of its complexes with DNA, although the physical basis of the phenomenon is not known.
We have confirmed the observation that the complex can also be detected directly because it binds native DNA to a nitrocellulose filter but find that heat denatured DNA is retained very inefficiently. Thus although denatured P22 [ H] DNA was made acid soluble about 60% as efficiently as the native substrate ( Fig. 2A) , It was retained by the filter less than 5% as efficiently as native DNA (Fig. 2B ).
The addition of carrier DNA before acid in the standard assay of Holloman was omitted in the present work because it reduced the amount of DNA made acid soluble (see Table 2 The effects of variations in assay conditions on the rate of DNA acid solubiIisat ion could not be determined because the reaction was too rapid, but they were investigated using the final extent made soluble. Table 2 shows that this was Inhibited by both NaCl and MgCl. (50% inhibition at 150 The results are expressed as % activity in the absence of albumin. and 22mM respectively) but was not affected by EDTA or dithiothreitol .
It had a broad pH optimum from 5.5-7.5 and the three buffer systems tested had only relatively minor effects (Table 2 ).
Physical Characterisation of the Glycoprotein Fraction
The activities of fractions IVA and VI sedimented in the absence of salt in the regions of the catalase (11.2s; 250,000 Daltons) and bovine serum albumin C+.7s; 67,000 Daltons) marker proteins respectively. In agreement with their order of elution during agarose gel chroma tog raphy (Fig. i^a) .
While fraction VI sedimented as a narrow peak of activity however, that of fraction IVA was much broader, shown more clearly in Fig. 1+b . In the presence of salt, a narrow peak of activity was observed in the region of the *K 7s marker (Fig. tb) . It is possible that under low ionic strength, glycoprotein oligomers are the major components of fraction IVA, which can be dissociated by salt to yield a homogeneous species of a size similar to that of fraction VI in the absence of salt. The sedimentation coefficient of the latter fraction was not decreased in the presence of salt (results not shown), but the reversibility of the fraction IVA dissociation has not been investigated .
Fraction VA activity again sedimented under low ionic strength in the region of the 11.2s marker, but it was considerably more homogeneous with respect to size than fraction IVA (Fig. ^-c) -Th e majority of fraction VB activity sedimented under identical conditions in the region of the 4.7s marker, a minor fraction sedimenting in that of the 11.2s one. The relative proportions of these two were dependent on the glycoprotein concentration because when that used for the experiment in Fig. i^d was halved, about 90% of the total activity was found in the U.7s region (results not shown). Fraction VA and VB activities both sedimented in the k.Js region in the presence of salt. When identical gradients were sedimented for a longer period of time (15 hr) to increase resolution in the lower molecular weight region, an apparent sedimentation coefficient of 5.2s (70,000-80,000 Daltons) for both these fractions was obtained using ovalbumin (3.6s; 45,000 Daltons), bovine serum albumin and catalase as external marker proteins.
When several glycoprotein fractions were electrophoresed on 6.5% acrylamide gels in the presence of 1% SDS and 4M urea, a major band of equal mobility stained positively for both protein and carbohydrate in each case. With the highly purified fractions IVA, VA, VB and VI, ft was the only detectable band along with some material which failed to enter the gel but which also stained positively for both components (Fig. ;?) • Th e nature of the latter material is unknown, but could consist of undissociated aggregates or a portion which bound irreversibly to the gel surface. The mobility of the major band would suggest a molecular weight of 55.000-60,000 Dal tons.
The glycoprotein fractions were very heat resistant. For example, fraction VB had a half life of inactivation of *»1 min at 80 C (results not shown) . Figure 5 . Urea-SDS polyacrylamide gel el ect rophores i s of glycoprotein fractions.
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The fractions analysed (numbering from left to right) were IVA (gels 1 and 5), VB (gels 2 and 6), VA (gels 3 and 7) and VI (gels <4 and 8). Gels 1 -*+ were stained for protein and 5-8 for carbohydrate.
Marker proteins were run in parallel to ensure that the mobility of the internal glycoprotein band was identical in different experiments.
Migration was from the bottom to the top of the figure and the band at the top of some gels is bromophenoi blue.
Substrate specificity
The affinity of the glycoprotein for a variety of DNA and RNA substrates was determined directly when labelled, or by competition assays when Control experiments first determined that fraction VB did bind to the DNA substrates or template-primers in the appropriate reaction mixtures necessary for the enzyme concerned but had no effect on the rate of degradation of native or heat denatured P22 [ H] DNA by pancreatic or jj. maydl s DNase I respectively (results not shown). Although weak stimulation of the rate of DNA synthesis by the L). maydis DNA polymerase was observed when directed by activated calf thymus DNA or poly(dA)•(dT) (1.3 and 1.7 fold respectively), maximum stimulation only occurred at a 4-5 fold excess of g1y-coprotein necessary to make all the input DNA acid soluble (Fig. 7) . The form of the stimulation curve with poly(dA)• (dT)._ shown was observed several times, but its significance is unknown. Furthermore, incubation in the presence of bovine serum albumin abolished 85% of the stimulation, which may
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DISCUSSION
The characteristics of the DNA-binding gl ycoprotein (s) fromJJ. maydi s described above essentially confirm and extend those reported by Holloman . We have however, now isolated four fractions which make DNA acid soluble and at least one of these, fraction VB, contains no detectable exo-or endonuclease activity. The binding of fractions VB and VI IB to Concanavalin A, along with other observations of their inactivation by protease K, confirms their identity as glycoproteins, but as yet a direct determination of their protein and carbohydrate contents has not been made. The lack of such binding by fractions VA and VIIA does not preclude a similar identification because there is evidence for heterogeneity in the carbohydrate content (responsible for lectin binding) of some glycoproteins . Where tested, the properties of fractions VA and VB were identical (e.g. in response to variations in the assay conditions, substrate specificity and solubility in trichloroacetic acid). The SDS-polyacrylamide gel electrophoretograms of four fractions also suggest a commori structure (Fig. 5 ). All exhibit a band of 55,000-60,000
Daltons molecular weight, proportional in staining Intensity to the amount of activity applied to the gel from all fractions, and also material which failed to enter the gel, both staining positively for glycoprotein. This molecular weight figure Is significantly lower than that derived from sedimentation studies, but there is good evidence that glycoprotelns migrate anomolously In such gels because SOS bi nd.s. weakl y to the carbohydrate Although the ability of the glycoprotein to make DNA acid soluble is a convenient assay, the mechanism of this solubility change and its relevance to its In vIvo function remain unknown, but the acid solubility of the glycoprotein activity itself suggests one possibility. The different effects of proteins on the two assays described above and their different responses to the substrates tested suggest that they measure different properties of the same complex ( Fig. 3 and Table 3 Table 4 in which a 2-fold increase in specific activity In log phase over stationary phase is shown, because this factor would depend on the log phase cell titre at which the determinations were made.
It was reported by Holloman that the Y^-7 mutant strain of ^J. me yd is (y and UV Irradiation sensitive and defective In mitotlc allellc recombination) contained elevated levels of the glycoproteln . Our results conflict with those (Table k) , but the assay in crude extracts is unreliable and subject to deception by deoxyribonucleases until the activity has been considerably purified, as in the present work. (Table k) , although its activity could be controlled by mechanisms other than de novo synthesis or degradation.
We have preliminary evidence that an activity with properties similar to the I), maydis DNA-blnding glycoprotein fractions can be detected in other organisms (Table 5 ). In the case of mammalian flbroblasts, we have also shown that the activity binds to Concanavalln A-Sepharose in a manner similar to the jJ. maydis fractions VB and VI IB. Thus the occurrence of this novel activity might well be ubiquitous, but the biochemical studies presented above do not immediately point to Its function In vivo. Calculations Indicate that It occurs in quantities In excess of that required to saturate Table 5 . Levels of activity making DNA acid soluble from various organisms. The activity was extracted from crude cell-free extracts by the acid extraction procedure detailed in Materials and Methods. Any studies involving estimations of DNA degradation within a cell by, for example, repair mechanisms, when assayed by the appearance of acid soluble radioactivity, must take account of the possibility that the latter might contain high molecular weight DNA complexed with a glycoprotein similar to the activity described in this paper.
